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BACKGROUND  and  INTRODUCTION 


Stephens  and  Rankin  Inc.  is  an  asphalt  plant  located  in  a  predominantly  rural  area  at  3614 
Fly  Road,  Vineland  Quarry  in  the  Town  of  Lincoln,  Ontario.  The  Welland  District  Office  of  the 
Ministry  of  Environment  and  Energy  (MOEE)  received  complaints  from  nearby  residents 
concerning  odours  generated  by  the  facility  and  initiated  a  series  of  investigations  in  response  to 
these  concerns.  The  District  Office  requested  the  assistance  of  the  Phytotoxicoiogy  Section  in  the 
investigation  to  address  possible  soil  and  vegetation  contamination  associated  with  the  facility. 
This  report  summarizes  the  results  of  sampling  conducted  on   June  27,  1995  by  Craig  Kinch, 
Phytotoxicoiogy  Scientist,  Phytotoxicoiogy  Section,  Standards  Development  Branch. 


METHODOLOGY 

Seven  sampling  sites  were  established  in  the  vicinity  of  the  Stephens  and  Rankin  asphalt 
plant  (see  attached  figure).  Five  of  the  sites  (Sites  3-7)  were  established  on  residential  properties 
bordering  the  plant  and  quarry.  Two  sites  were  located  at  greater  distances  from  the  facility:  Site  2 
was  located  on  the  property  of  a  complainant  approximately  2  km  SSW  of  the  plant;  and  Site  1 
(the  Control  Site)  was  located  a  further  1.9  km  south  of  Site  2. 

Composite  soil  samples  (0-5  cm)  were  collected  in  duplicate  from  each  sampling  location. 
Composite  samples  consisted  of  at  least  50  individual  core  sections  collected  from  random 
locations  within  each  defined  sampling  area.  All  cores  were  extracted  using  a  2  cm  diameter 
stainless  steel  soil  corer.  Composite  samples  were  split  into  2  to  allow  submission  for  organic  and 
inorganic  parameters.  Inorganic  samples  were  stored  in  plastic  bags  during  transport  to  the 
Phytotoxicoiogy  processing  laboratory.  Soil  samples  for  organic  analysis  were  transported  under 
ice  in  amber  glass  jars  and  stored  at  -80°C.  Soil  samples  for  inorganic  analysis  were  air-dried, 
pulverized  to  pass  through  a  45  mesh  sieve  and  stored  in  glass  bottles.  Organic  soil  samples  were 
not  processed.  The  samples  were  then  forwarded  to  the  MOEE' s  laboratory  on  Resources  Road  in 
Rexdale  for  chemical  analysis. 

Vegetation  collections  were  also  conducted  at  each  of  the  sampling  stations.  Duplicate 
foliar  samples  from  sugar,  silver  or  red  maple  trees  (depending  on  availability)  were  collected 
using  pole  pruners  from  the  mid-crown  of  sample  trees  on  the  side  of  the  crown  facing  the 
facility.  Samples  for  organic  analysis  were  stored  in  glass  jars  during  transport  to  the 
Phytotoxicoiogy  processing  laboratory.  The  samples  were  transported  under  ice  and  stored  at  - 
80"C.  The  samples  were  then  forwarded  to  the  MOEE's  laboratory  for  chemical  analysis.  Samples 
for  inorganic  analysis  were  not  collected. 

Duplicate  soils  were  analyzed  for  the  following  inorganic  parameters:  beryllium  (Be). 
magnesium  (Mg),  aluminum  (Al),  calcium  (Ca),  vanadium  (V),  chromium  (Cr),    manganese  (Mn), 
iron  (Fe),  cobalt  (Co),  nickel  (Ni),  copper  (Cu).  zinc  (Zn),  molybdenum  (Mo),  cadmium  (Cd), 
barium  (Ba),  lead  (Pb)  and  strontium  (Sr). 
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Duplicate  soil  and  vegetation  samples  from  each  of  the  sampling  sites  were  also  submitted 
for  polycyclic  aromatic  hydrocarbon  (PAH)  analysis.  The  samples  were  analyzed  for  16  PAH 
compounds. 


RESULTS  AND  DISCUSSION 

The  analytical  results  for  inorganic  elements  in  soil  are  presented  in  Table  1 .  The  data  are 
|ig/g  (micrograms  per  gram,  commonly  referred  to  as  parts  per  million)  dry  weight,  mean  of 
duplicate  samples  and  analysis.  The  data  indicate  that  the  concentrations  in  soil  in  the  vicinity  of 
Stephens  and  Rankin  Inc.  were  well  within  the  range  considered  normal  for  a  rural  area.  There 
were  no  consistent  trends  toward  increased  concentrations  of  elements  in  soil  at  sites  near  the 
facility  compared  to  those  more  distant.  Manganese  was  the  only  element  that  exceeded  the  Upper 
Limit  of  Normal  (ULN)  guideline'  (see  Appendix  I).  The  exceedences  for  Mn  in  surface  soils 
were  found  at  Sites  3  to  6.  Although  these  sites  were  in  the  vicinity  of  the  facility  they  were  not 
thought  to  be  of  environmental  significance  or  to  be  associated  with  the  asphalt  plant. 
Concentrations  of  Mn  in  soil  collected  from  Site  7,  close  to  Stephens  and  Rankin,  were  below  the 
ULN,  as  were  Sites  1  and  2.  Mn  concentrations  can  be  quite  variable  in  soil.  Recent 
Phytotoxicology  soil  sampling  has  documented  surface  soil  Mn  concentrations  up  to  2,200  ug/g  in 
remote  rural  parks. 

The  results  of  soil  PAH  analyses  are  summarized  in  Table  2.  The  data  are  in  ng/g 
(nanograms  per  gram,  or  parts  per  billion).  The  Canadian  Council  of  Ministers  of  the  Environment 
(CCME)  has  developed  Interim  Remediation  Criteria  for  Soil  that  include  guidelines  for  nine 
PAHs'\  The  current  MOEE  OTRq,  guidelines  for  PAHs  in  soils  in  urban  parklands  are  provisional 
and  currently  under  review,  and  therefore  are  used  in  Table  2  for  information  purposes  only.  In 
addition,  OTR^g  guidelines  are  not  currently  available  for  urban  residential  or  urban  transportation 
rights-of-way  lands. 

Trace  PAH  concentrations  in  soils  were  detected  at  Sites  2,  4,  6  and  7.  Those  PAHs  that 
were  found  in  at  least  trace  concentrations  at  three  or  more  sites  were;  phenanthrene,  floranthene 
and  benzo(b)fluoranthene.  Naphthalene,  benzo(a)anthracene.  chrysene,  benzo(k)fluoranthene  and 
benzo(a)pyrene  were  found  at  at  least  one  site.  Site  4  had  the  highest  PAH  concentrations,  with 
fluoranthene,  pyrene  and  benzo(b)fluoranthene  exceeding  trace  concentrations.  The  soil  PAH  data 
do  not  present  a  gradient  that  would  implicate  the  asphalt  plant.  In  addition,  in  all  cases  the  mean 
PAH  concentrations  were  well  below  both  the  background  concentrations  in  urban  parks  and  the 
value  at  which  remediation  may  be  required  for  residential  and  parkland  uses. 

The  results  of  PAH  analyses  for  vegetation  are  summarized  in  Table  3.  The  data  are  in 
(ng/g).  There  are  currently  no  guidelines  for  PAHs  in  vegetation.  Trace  PAH  concentrations  were 
detected  at  each  of  the  sites  where  maple  foliage  was  collected.   Tlie  PAHs  most  commonly  found 
in  vegetation  were  naphthalene,  acenapthene.  phenanthrene  and  fluoranthene.  However, 
concentrations  of  PAHs  in  maple  foliage  were  not  consistently  higher  from  sites  near  the  asphalt 
plant  compared  to  those  more  distant.  In  fact,    sites  close  to  Stephens  and  Rankin  Inc.  had  a 
frequency  of  PAH  detection  and  concentrations  that  were  very  similar  to  and  in  some  cases  lower 
than  the  control  site. 
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SUMMARY  and  CONCLUSIONS 

Vegetation  and  soil  was  collected  from  7  sampling  locations  in  the  vicinity  of  Stephens 
and  Rankin  Inc.,  Vineland  on  June  27,  1995.  Concentrations  of  inorganic  elements  and  PAHs  in 
surface  soils  were  well  within  background  range  and  did  not  implicate  the  asphalt  plant  as  a 
measurable  source  of  contaminants.  Manganese  concentrations  exceeding  the  ULN  guidelines  in 
soil  were  not  attributed  to  the  facility.   Similarly,  vegetation  data  indicated  that  trace 
concentrations  of  polycyclic  aromatic  hydrocarbons  in  plant  tissue  were  well  within  the  range 
considered  normal  and  there  were  no   concentration  gradients  relative  to  the  facility.  These  data 
should  not,  however,  be  taken  to  imply  that  the  facility  is  not  a  source  of  odours,  rather,  emissions 
from  the  asphalt  process  are  not  having  a  measurable  impact  on  the  terrestrial  environment. 
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Sketch  Map  of  Soil  and  Vegetation  Sampling  Locations  in  the  Vicinity  of 
Stephens  and  Rankin  Asphalt  Plant,  Vineland  (1995). 
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APPENDIX  I 

Derivation  and  Significance  of  the  MOEE  Phytotoxicology 
"Upper  Limits  of  Normal"  Contaminant  Guidelines. 


The  MOEE  Upper  Limits  of  Normal  (ULN)  contaminant  guidelines  represent  the  expected 
maximum  concentration  in  surface  soil,  foliage  (trees  and  shrubs),  grass,  moss  bags,  and  snow 
from  areas  in  Ontario  not  exposed  to  the  influence  of  a  point  source  of  pollution.    Urban  ULN 
guidelines  are  based  on  samples  collected  from  developed  urban  centres,  whereas  rural  ULN 
guidelines  were  developed  from  non-urbanized  areas.    Samples  were  collected  by  Phytotoxicology 
staff  using  standard  sampling  procedures  (ref:  Ontario  Ministry  of  the  Environment  1983, 
Phytotoxicology  Field  Investigation  Manual).    Chemical  analyses  were  conducted  by  the  MOEE 
Laboratory  Services  Branch. 

The  ULN  is  the  arithmetic  mean,  plus  three  standard  deviations  of  the  mean,  of  the 
suitable  background  data.    This  represents  99%  of  the  sample  population.   This  means  that  for 
every  100  samples  which  have  not  been  exposed  to  a  point  source  of  pollution.  99  will  fall  within 
the  ULN. 

The  ULN  do  not  represent  maximum  desirable  or  allowable  limits.    Rather,  they  are  an 
indication  that  concentrations  that  exceed  the  ULN  may  be  the  result  of  contamination  from  a 
pollution  source.    Concentrations  that  exceed  the  ULN  are  not  necessarily  toxic  to  plants,  animals, 
or  people.    Concentrations  that  are  below  the  ULN  are  not  known  to  be  toxic. 

ULN  are  not  available  for  all  elements.   This  is  because  some  elements  have  a  very  large 
range  in  the  natural  environment  and  the  ULN,  calculated  as  the  mean  plus  three  standard 
deviations,  would  be  unrealistically  high.    Also,  for  some  elements,  insufficient  background  data  is 
available  to  confidently  calculate  ULN.   The  MOEE  Phytotoxicology  ULN  are  constantly  being 
reviewed  as  the  background  environmental  data  base  is  expanded.    This  will  result  in  more  ULN 
being  established  and  may  amend  existing  ULN. 


SDB-008-3511-96  10 


APPENDIX  U 

Derivation  and  Significance  of  the  Ontario  Ministry  of  Environment  and  Energy  (MOEE) 
"Ontario  Typical  Range"  of  Chemical  Parameters  in  Soil,  Vegetation,  Moss  bags  and  Snow 

The  MOEE  "Ontario  Typical  Range"  (OTR)  was  developed  by  the  MOEE  to  assist  in  the  interpretation 
of  analytical  data  and  in  the  evaluation  of  source  related  impacts.   The  OTR's  are  used  to  determine  whether 
the  level  of  a  contaminant  in  surface  soil,  specific  groups  of  plants,  moss  bags  or  snow  is  significantly  above 
that  which  would  be  anticipated  for  the  normal  level  of  human  activity  in  the  area  sampled.    An  exceedence  of 
the  OTR^  for  a  plant  species  group,  soil,  moss  bag  or  snow  sample  from  a  given  land  use  category  would 
indicate  a  potential  point  source  of  contamination. 

The  OTR's  essentially  represent  the  expected  range  of  concentrations  of  contaminants  in  surface  soil, 
specific  groups  of  plants,  moss  bags  and/or  snow  from  areas  in  Ontario  not  subjected  to  the  influence  of  known 
point  sources  of  emissions.   These  ranges  are  based  on  samples  collected  from  the  different  land  use  categories 
for  which  they  have  been  developed. 

In  addition  to  the  OTR  ranges,  an  upper  limit  referred  to  as  the  OTR^  has  been  developed.   The  OTRçg 
represents  97.5  percent  of  data  in  the  OTR  distribution.   This  is  equivalent  to  the  mean  plus  two  standard 
deviations  of  the  data,  which  is  similar  to  the  previous  MOEE  "Upper  Limit  of  Normal"  or  ULN  guidelines. 

The  degree  of  contamination  of  a  receptor  from  non-point  sources  depends  on  the  amount  and  type  of 
human  activity,  both  past  and  present.   Therefore,  OTK's  have  been  developed  for  different  land  use  categories 
that  reflect  the  level  of  human  activity.   The  three  main  land  use  categories  are  Rural,  New  Urban  and  Old 
Urban.    Urban  is  defined  as  an  area  that  has  municipal  water  and  sewage  services.    Old  Urban  is  any  area  that 
has  been  developed  as  an  Urban  area  for  more  than  40  years.    Rural  is  all  other  areas.    Each  of  these  major 
land  use  categories  has  been  broken  into  Parkland/GreenbeltAVoodlands,  Residential  and 
IndustriaiyCommercial/Transportation  Rights-of-Way.   Rural  also  includes  an  Agricultural  category. 

These  guidelines  apply  only  to  samples  collected  using  standard  MOEE  sampling,  sample  preparation, 
and  analytical  techniques.  As  the  OTR's  are  developed  from  data  collected  in  Ontario,  they  are  only  valid  for 
samples  collected  in  Ontario. 

The  OTR's  are  not  the  sole  means  by  which  results  are  interpreted.   In  interpreting  results,  the  results 
from  control  samples  and  the  pattern  of  contamination  observed  in  the  samples  are  also  used.   The  OTR's  are 
to  assist  where  there  is  some  question  concerning  the  local  background  samples  and/or  enough  samples  have 
not  been  collected  to  determine  any  pattern  of  contamination.   OTR's  are  also  used  to  determine  where  in  the 
anticipated  range  a  result  falls.   This  can  be  used  to  indicate  a  potential  level  for  concern  even  when  a  result 
falls  within  the  guideUne. 

The  OTR's  for  each  receptor/land  use  category  assume  a  given  range  of  contamination  resulting  from 
normal  human  activity  for  that  land  use  category  As  a  result,  it  must  be  stressed  that  values  falling  nithin  the 
OTR's  should  not  be  considered  as  acceptable  or  desirable  levels;  nor  do  they  imply  toxicity  to  plants, 
animals  or  humans.    Rather,  they  serve  as  levels  which,  if  exceeded,  would  prompt  further  investigation  on  a 
case  by  case  basis  to  determine  the  significance,  if  any.  of  the  above  normal  concentration(s).    Incidental, 
isolated  or  spurious  exceedences  of  an  OTR,,  shall  not  necessarily  indicate  a  need  for  regulatory  or  abatement 
activities.    However,  repeated  and/or  extensive  exceedences  of  an  OTR  which  can  be  related  temporally  or 
spatially  to  a  source  characterized  by  emission  of  a  contaminant'  will  indicate  a  need  for  a  thorough  evaluation 
of  the  regulatory  or  abatement  program. 

Where  an  OTR  exists  for  a  given  receptor/land  use  categon.'.  the  OTR  will  supersede  the 
Phytotoxicology  Upper  Limit  of  Normal  (ULN)  for  the  interpretation  of  results.    If  an  OTR  does  not  exist,  the 
ULN  will  be  used. 
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